ABSTRACT -The aim of this study was to evaluate the response to phosphorus (P) and potassium (K) fertilization and to establish the critical levels of P and K in the soil and in the plant tissue in pear trees. Two experiments were conducted in São Joaquim (SC), Brazil. In experiment 1, the plants received annually the application of increasing rates of phosphate fertilizer (0, 40, 80, 120 and 160 kg P 2 O 5 ha -1 ), while in experiment 2, increasing rates of potassium fertilizer (0, 40, 80, 120 and 160 kg K 2 O ha -1 ) were applied annually. In the two experiments, soil was collected annually from the 0-10, 10-20 and 0-20 cm layers, and the available P (experiment 1) and exchangeable K (experiment 2) content was analyzed. Whole leaves were collected annually, which were subjected to analysis of total P (experiment 1) and total K (experiment 2) content. The number and weight of the fruits per plant and fruit yield were evaluated. Application of P on the soil planted with pear trees increased the nutrient content in the soil and, in most crop seasons, in the whole leaf, but it did not affect the yield components and fruit yield. The application of K on the soil with pear trees increased the nutrient content in the soil and, in most of the crop seasons, in the whole leaf, but the potassium content in the whole leaf decreased in the crop season with greater fruit yield. The yield components and fruit yield were not affected by K fertilization. Index terms: Pyrus communis L., sufficiency level, phosphate fertilization, potassium fertilization, yield.
INTRODUCTION
Definition of the need for fertilization and the nutrient rate in pear (Pyrus communis L.) tree in the states of Rio Grande do Sul (RS) and Santa Catarina (SC), Brazil, is based on combined analysis of nutrient contents in the whole leaves and in the soil, and also on the age of the plants, plant growth, planting and training system, previous fertilizations, on the yield, crop treatments and symptoms of nutritional disorders (CQFS-RS/SC, 2004) . Nevertheless, for the nutrient contents in the soil and in the plant tissue, the critical contents used for establishment of classes of interpretation are the same as those of annual plants. This occurs because information is scarce regarding the response of the pear tree to the addition of nutrients even in soils with low availability. Thus, the critical levels of phosphorus (P) and potassium (K) in the soil and in the plant tissue for the crop are still an open question, which justifies carrying out medium and/or long-term experiments in traditional fruit producing regions, such as the Planalto Serrano of Santa Catarina.
Soils in the South of Brazil, like those of the Planalto Serrano of SC, in general are acidic, have low available P content and the small quantity of exchangeable K (KAMINSKI et al., 2007) . This may cause low pear yield, and for that reason, phosphate and potassium fertilization is recommended as a safety measure to ensure greater yields (NAVA et al., 2008; DECHEN, 2009; SOUZA et al., 2013) .
The application of P sources in the soil promotes phosphate sorption in the functional groups of inorganic reactive particles of the soil, but as successive applications occur, the binding energy between the phosphate and the functional groups decreases, and there may also be P migration in the soil profile (SCHMITT et al., 2013) . In the same way, but in a readier manner, K migration occurs, as long as the quantity added is greater than that used by the crops, because its adsorption to the functional groups of inorganic and organic reactive particles takes place with low binding energy, facilitating its migration in the soil profile (KAMINSKI et al., 2007) . With the accumulation of available P and exchangeable K in soil surface layers and even in deeper layers, it is expected that part of these nutrients draws near the outside surface of the roots, especially through diffusion and, if taken up, contents of the nutrients will increase within the plant, and this may be diagnosed by the total content in the whole leaves (MELO et al., 2012; CURETTI et al., 2013) . Therefore, an increase may be expected in the values of yield components, such as fruit weight, which may be reflected in an increase in fruit yield per plant and per area (NEILSEN et al., 2008; DECHEN, 2009) . The aim of this study was to evaluate the response to phosphorus (P) and potassium (K) fertilization and to establish the critical levels of P and K in the soil and in the plant tissue in pear trees.
MATERIALS AND METHODS
Two experiments were conducted in a commercial pear (Pyrus communis L.) orchard in the municipality of São Joaquim, in the Planalto Serrano region of SC, Brazil (28° 17' 38" S, 49° 55' 54" W, and mean altitude of 1,353 m). Climate in the region is classified, according to Köppen, as Cfb with mild summers and cold winters. Mean temperature is 13°C and mean annual rainfall is 1,360 to 1,600 mm a year, and there may be 20 to 29 frosts throughout the year. The soil was classified as Humic Cambisol (Soil Survey Staff, 1999) , with A horizon from 0-30 cm and incipient B horizon from 60-80 cm, derived from acidic extrusive rock. Soil in the 0-20 cm layer before setting up the experiments exhibited the characteristics described in Table 1 .
The pear cultivar was 'Rocha', grafted onto the rootstock Pyrus caleriana, with a density of 1,250 plants ha -1 (4 m between rows x 2 m between plants). A central leader plant training system was used and winter pruning was performed annually seeking to eliminate branches with few fructification structures, as well as to avoid crossing of branches between neighboring plants. The orchard of the two experiments was established in 2004 in an area previously used as native pasture. Before the transplanting of seedlings, limestone was applied to raise pH in water up to 6.0.
The treatments in the two experiments were implemented in October 2010, using a randomized block experimental design with four replications. The plot was composed of five plants arranged sequentially in the plant row, with only the three central plants being used for purposes of evaluation. In experiment 1, the treatments consisted of annual applications of 0, 40, 80, 120 and 160 kg P 2 O 5 ha -1 as simple superphosphate and, in experiment 2, the treatments were annual applications of 0, 40, 80, 120 and 160 kg K 2 O ha -1 as potassium chloride. The fertilizers were applied on the soil surface, without incorporation, in a 2.0 m wide strip in the plant rows, up to 50 cm beyond the line of projection of the canopies. The soil surface that received the application of the fertilizers was kept free of weeds through application of non-residual herbicide. Applications of fungicides and insecticides, when
necessary, were carried out following the technical recommendations for the crop.
In February 2011 February , 2012 February and 2013 , which coincided with fruit maturation and proximity to harvest, soil was collected from the 0-10, 10-20 and 0-20 cm layers in the plant row using a soil auger, and the samples were set aside. In the period from January 15th to February 15th of each year, 20 whole leaves were collected in the middle third of the branches from opposite sides of each plant and set aside. The soil samples were dried in a forced air laboratory oven at 45 o C until constant weight, ground, passed through a sieve with a 2 mm screen and analyzed for available P (experiment 1) and exchangeable K (experiment 2), both extracted by the Mehlich 1 method. The leaves were dried, ground and prepared for analysis of P content (experiment 1) and of K content (experiment 2) (MELO et al., 2012) .
In March 2011 March , 2012 March and 2013 , in the two experiments, the number of fruits per plant was counted, which were later collected and weighed. The results obtained were subjected to analysis of variance and, when the effects were significant, polynomial regression equations were fitted (P<0.05). Relative yield (ry) was calculated using the equation ry=(ty/my)*100, where ty is the treatment yield and my is the maximum yield of the three crop seasons. The results of the ry were related to the available P content (experiment 1) and exchangeable K content (experiment 2) in the soil, and related to the total P and K contents in the whole leaves so as to obtain the sufficiency level in reference to an ry of 90%. Mathematical adjustment among the variables was carried out using the Mitscherlich model ŷ=a (1-b x ), where ŷ represents the ry, a and b are coefficients from the adjusted model and x is the nutrient content in the soil or in the whole leaf.
RESULTS AND DISCUSSION

Experiment 1
Greater available P content was observed in the 0-10 cm layer, in comparison with the 10-20 cm layer, especially in the second (2011/2012) and third (2012/2013) crop season and at the higher rates of phosphate fertilizer, such as 80, 120 and 160 kg P 2 O 5 ha -1 (Table 3) . Accumulation of available P in the uppermost soil layer, especially at greater application rates, occurred because the phosphate fertilizer was applied on the soil surface over the years, without incorporation, to avoid mechanical damage to the roots, which may reduce nutrient uptake capacity (GRANATSTEIN; SÁNCHEZ, 2009). In addition, accumulation of P on the soil surface may be attributed to its high energy in binding to the surface of the mineral fraction of the soil. Adsorption occurs mainly through the ligand exchange mechanism, through giving up OH -or H 2 O and taking in the phosphate ion (H 2 PO 4 -or HPO 4 -2 ) and, depending on the soil pH value, this may happen in the functional groups of the oxides and of kaolinite. The interaction between the oxygen of the phosphate and the cation of the functional group, especially the aluminol of the clay minerals, and the Fe-OH and Al-OH groups of the oxide surface, leads to the occurrence of binding with different degrees of energy (BARROW et al., 1998) . However, over the years, continued applications of P on the soil surface may cause occupation of the adsorption sites, leading to a decrease in their adsorption energy, which may increase desorption and, consequently, migration in the profile of soils planted to fruit-bearing plants ( SCHMITT et al., 2013) , increasing content of the nutrient in deeper layers, as observed in the 10-20 cm layer, where there was an increase in available P with the increase in the rate of phosphate fertilizer in all the crop seasons. The available P content, in general, increased in the 0-10, 10-20 and 0-20 cm layers along with the rate of phosphate fertilizer applied in all the crop seasons evaluated (Table 3) . Thus, there was a trend toward increase in the total P content in the whole leaves of the pear trees in the second and third crop seasons evaluated, which shows that the organ, the whole leaf, the collection position in the plant and the collection period described by NETO et al. (2011) are sensitive in diagnosing the increase in the P content within the plant. In addition, it was seen that in the 2010/2011 crop season, even though increase in the total P content in the whole leaves was not observed with the increase in the soil nutrient content, the content in the leaves, at all the different rates of phosphate fertilizer application, was interpreted as normal (1.5-3.0 g kg -1 ) (BOTELHO et al., 2010) , which was also observed in the 2011/2012 crop season. However, in the 2012/2013 crop season, in both non fertilized and fertilized plants with 40 kg P 2 O 5 ha -1 , the total P content in the whole leaves was interpreted as below normal (1.0-1.4 g kg -1 ) (BOTELHO et al., 2010) . This occurred in the crop season where the greatest production of fruits in all the treatments was observed, indicating that in soils with lower content of available P, for example, the soil of the treatment without application of the nutrient, the P reserves within the plant may decrease because part of the nutrient of annual organs, such as leaves, may be redistributed to the fruit (NEILSEN et al., 2008) , which represents export of the nutrient from THE PEAR TREE RESPONSE TO PHOSPHORUS AND POTASSIUM... the orchard. In addition, it is fitting to mention that in the 2010/2011 and 2011/2012 crop seasons, where fruit yield in all treatments was lower comparing to the 2012/2013 crop season, the total P content in the whole leaf was greater, which shows that a smaller quantity of the nutrient was redistributed to the fruit and, consequently, probably remained accumulated in annual or perennial plant organs, increasing reserves of the nutrient, a common phenomenon in fruit-bearing plants (ZAMBROSI et al., 2012) .
The application of increasing doses of the phosphate fertilizer in the plant row in the three crop seasons, which led to an increase in the available P content in the three soil layers, did not affect the number of fruits per plant, the weight of the fruit, nor fruit yield (Table 3) . However, increase in the fruit yield components was expected, which could be reflected in yield in the plants under the application of phosphate fertilizer, because the available P content in the 0-20 cm soil layer before application of the fertilizer was interpreted as low (Table 2) (Texture class 2 = 60 to 41% clay, with available P content from 3.1 to 6.0). The lack of response of the pear trees to application of the phosphate fertilizer may have occurred especially because the finest and youngest plant roots, responsible for uptake of water and nutrients in the entire orchard, may have taken up P in layers deeper than the layers sampled and also in the unfertilized region (MAYER et al., 2007) . In addition, the lack of climatic adaptation of the European pear trees in the South of Brazil, e.g., the Rocha cultivar used in the present study, poor pollination of flowers and variations of P reserves between plants, when the experiment was established, were probably other limiting factors in expression of maximum yield. Because fruit yield was not affected by the increase in the phosphate fertilizer rate, it was not possible to establish the critical level of the nutrient between the relative yield of fruit obtained in the three crop seasons and the P content in the 0-10 cm layer ( Figure 1a ) and 0-20 cm layer (Figure 1b) , which is the layer used for diagnosis of the available P content in the soil for fruit-bearing plants in the states of RS and SC, nor between the relative yield of fruit with the total P content in the whole leaves (Figure 1e ). The lack of establishment of the critical level between relative yield of fruit and the available P content in the soil may be explained in part by the soil collection having been made in the plant row, which coincides with the projection of the tree canopy, where fertilizer was applied and probably where most of the roots are located. However, part of the roots, which may also take up available P not derived from the fertilizer, are present between the plant rows, where the soil was not sampled.
Experiment 2
The exchangeable K content in the 0-10 cm layer in the soil, especially in the soil under the application of different rates of potassium fertilizer and in all the crop seasons, was greater than the content observed in the 10-20 cm layer (Table 4 ). This may be attributed to the application of the fertilizer on the soil surface, without turnover, and to the adsorption of part of the K in the functional groups of organic and inorganic particles (DUARTE et al., 2013) . However, part of the K content of the fertilizer migrated in depth, especially at the greater rates of fertilizer applied, for example, 120 and 160 kg The application of increasing rates of K fertilizer increased the exchangeable K content in the 0-10, 10-20 and 0-20 cm layers (Table 4 ). In the 2011/2012 and 2012/2013 crop seasons, an increase was observed in the total K content in the whole leaves of the pear trees subjected to the application of increasing rates of potassium fertilizer. In the 2010/2011 crop season, the total K content in the leaves of the pear trees in most of the treatments was interpreted as below normal (8.00-11.9 g kg ) (BOTELHO et al., 2010) . In contrast, in the 2012/2013 crop season, the total K content in the whole leaves of both plants without and with the addition of most of the different rates of potassium fertilizers was interpreted as insufficient (<8.0 g kg -1 ) (BOTELHO et al., 2010) . The lower total K content in the leaves in this crop season may have occurred especially because it was seen in the plants of most of the treatments that yield was greater than that observed in the 2010/2011 and 2011/2012 crop seasons, which is in agreement with the yield data obtained in the plants under the application of phosphate fertilizer ( Table 2 ). The greater yield obtained in this crop season may be associated with the greater temperatures that occurred in the period from August to September 2012 (Table 1) , favoring the development and fertilization of the flowers, as well as effective fructification (LUZ et al., 2012) .
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Therefore, since K has high mobility within the plants, part of the K residing in the leaves may have been redistributed to the fruit, as is normally observed in some fruit-bearing plants (ZAMBROSI et al., 2012) . If redistribution of K has also occurred from other plant organs to the fruit, this may represent a reduction in internal reserves of the nutrient in the plant (NAVA; DECHEN, 2009 ) and also may negatively affect fruit yield in ensuing years. In addition, based on the results of K analysis in the whole leaf, especially in the 2012/2013 crop season, an estimate of the need for application, or even of the K application rate only by the total content of this nutrient in the leaf, is not adequate because, in some cases where the nutrient was interpreted as insufficient (Table 4) , especially because of the greater yield of fruit, the K content in the soil was interpreted as very high (>120 mg of K in soil with CEC pH 7.0 from 5 to 15 cmol c kg -1 ). The application of potassium did not affect the number of fruits per plant, weight of the fruit nor yield (Table 4) , in agreement with the data obtained with the application of different rates of phosphate fertilizers (Table 3 ). This may have occurred in part because the exchangeable K content in the soil at the beginning of the experiment was interpreted as high (61 to 120 mg of K, in soil with CEC pH 7.0 from 5 to 15 cmol c kg -1 ) and, for that reason, the natural contents in the soil may have supplied demand of the plant for the nutrient. However, already in the third crop season, for example, under the treatment without addition of potassium fertilizer, reduction in the exchangeable K content in the soil was noticed, possibly because higher plants are efficient in uptake of the nutrient, especially with the decrease in the K concentration in the soil solution and, for that reason, a strong chemical gradient is created in the direction of the rhizosphere (GOMMERS et al., 2005) . Thus, if the soil in the present study does not have high contents of non-exchangeable K forms, due to the high ability of the plants in uptake of K and to export K when there are high yields (KAMINSKI et al., 2007) , it is probable that in the near future the response of the pear tree to the addition of the nutrient or even of the different rate applied will be observed. Establishing the relationship between the relative yield of fruit obtained in the three evaluated crop seasons and the exchangeable K content in the 0-10 cm layer ( Figure 1c ) and 0-20 cm layer (Figure 1d ) did not allow to establish the critical level of the nutrient. This may have occurred because, throughout the crop seasons, the exchangeable K contents in the soil were similar among the treatments and, in most of them, interpreted as high or very high, which may actually have increased (as in the 2010/2011 and 2011/2012 crop seasons) the total K content in the leaves, which also were similar among the treatments, making impossible the establishment of the critical level of the nutrient in the tissue (Figure 1f) . Mean weight of fruit Fruit yield 0-10 cm 10-20 cm 0-20 cm kg P 2 O 5 ha
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FIgURE 1-
Relation between the relative yield of the trees and the available P content in the 0-10 cm soil layer (a), the available P content in the 0-20 cm soil layer (b), the exchangeable K content in the 0-10 cm soil layer (c), the exchangeable K content in the 0-20 cm soil layer (d), the total P content in the leaf (e) the total K content in the leaf (f).
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CONCLUSIONS
Application of phosphorus on the soil planted with pear trees increased the nutrient content in the soil and, in most crop seasons, in the whole leaf, but did not affect the yield components and fruit yield.
2. The application of potassium on the soil of pear trees increased the nutrient content in the soil and, in most crop seasons, in the whole leaf, but the potassium content in the whole leaf decreased in the crop season with greater fruit yield. The potassium fertilizer did not affect the yield components and fruit yield.
